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Executive Summary
Las estrellas del mar son importantes para mantener un ecosistema estable y la cadena
alimentaria de una sistema del mar. La especie de estrella del mar, Oreaster reticulatus, es un
despredador de material particulada, algas, larvas pequeñas, y a veces tejido esponja. En el
archipiélago de Bocas del Toro esta especie brillante es frecuente. Se ha sugerido que la
competencia de alimentos entre individuos de las misma especie es un fenómeno que limitaría
las recursos y por lo tanto las capacidades de crecimiento. Fue presumido que habría una
relación inversa entre la densidad de población y tamaño de media de los individuos. Se sugiere
que hay un agregación de este especie porque de los alimentos o atracción debido a
reproducción. En esta investigación, 3 sitios que se conocían tener agregaciones de esta especie
se usaron como posiciones de la recogida de datos. Las medidas en el radio del brazo y el disco
central se coleccionaron de individuos en el área de cada sitio. La densidad de población fue
definido por el número de individuos por metro cuadriculado.
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Había .039 estrellas del mar cada metro cuadriculado en el sitio 1, .07 estrellas del mar
cada metro cuadriculado en el sitio 2 y .135 estrellas del mar cada metro cuadriculado en el sitio
3. Sitio 1, Playa de las Estrellas en el Bocas del Drago, era una playa con algas en el fondo
arenoso. El sitio 2 era un lugar del muelle en Isla Colón donde había fondo rocoso, algún fondo
arenoso y una capa gruesa de algas. El sitio 3 era en aguas poco profundas can hierba del mar,
manglares, corales y fondo arenoso entre Isla Solarte y Bastimientos. No había ningunas
diferencias según las estadísticas significativas entre medidas del disco centrales entre las 3
poblaciones. El tamaño más popular fue 11-13cm por la medida de radio del brazo. El sitio 3
era considerablemente diferente de los otros sitios en medidas de radio del brazo. Se encontró
que una relación inversa existía entre el radio del brazo y la densidad de población, con r2=.98.
Pero, esta relación no demuestra la causalidad. No se pensó que estos resultados se atribuían al
competencia de alimentos entre los individuos de un especie, pero a los hábitats diferentes de las
poblaciones investigadas, teniendo un mayor número en cuenta de menores con el sitio 3 que los
dos otros. Como consiguiente, el radio medio era más pequeño porque del porcentaje más alto
del menor O. reticulatus en esa sitio. Sitio 3 tenía mas menores porque de mas hierba del mar,
donde las larvas de este tipo de estrella del mar le gusta colonizar. Esta investigación además
sugiere la idea que hay muchos menores de estrellas del mar en estos hábitats de la hierba del
mar, manglares y corales y por lo tanto, la conservación de estos hábitats es importante para las
especies.
Este estudio también incluyó la investigación de las percepciones sobre la condición de
O. reticulatus en Bocas, así como el estado y la historia de la conservación de esta especie. Las
estrellas de mar son importantes en el archipiélago, no sólo biológicamente pero comercialmente,
para la industria turística grande. Entrevistando a los lugareños se encontró que esta especie está

Robinson v
protegida grandemente del estrés se imponen por el manejo de los turistas, pero otros esfuerzos
de conservación como la protección del hábitat no están en ese lugar, y los lugareños no creen
que sean necesarios.

Abstract
O. reticulatus is a sea star that lives in shallow water habitats in the Caribbean, feeding
on microalgae, detritus, larvae and sometimes sponge. Intraspecific competition is a
phenomenon known to occur in this species, due to high-density aggregation and limited food
sources. This study investigated the relationship between mean arm radius and population
density of three aggregations in Bocas del Toro, Panama. It was found that an inverse
relationship between these two variables exists, though it is likely not caused by intraspecific
food competition, but rather the presence and abundance of smaller sized juveniles at each of the
aggregation sites. Most of the sea stars measured had an arm radius in the 11-13cm size class.
This research suggests that areas of mixed substratum bottom and seagrass are important nursery
habitats for juveniles. Additionally, this study investigated local perceptions surrounding this sea
star. It was found that a relatively new effort to protect this species from tourist handling exists
on Isla Colon, though concern about other anthropogenic factors negatively impacting the
species is minimal.
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1.0 Introduction
The sea star species, Oreaster reticulatus is a widely distributed sea star that is prevalent
in the Caribbean (“Abundance” 107). Commonly referred to as the “cushioned star”, this species
lives in calm, shallow waters, often on calcareous sandy bottoms, seagrasses and coral. They are
omnivorous, feeding on algae, diatoms, and detritus as well as small invertebrates, invertebrate
larvae and sometimes sponge tissue (Guzman and Guevara 1077). This species is an integral
part of the marine mosaic in Bocas del Toro, Panama. In the archipelago, there are aggregations
of this species found in the numerous coastal habitats. Aggregation is an interesting
phenomenon that is known to occur in numerous marine invertebrates and has often been
attributed to individual attraction to food or bottom substrata as well as intraspecific attraction
for reproduction purposes (Heip 527; “Abundance” 117).
Intraspecific competition occurs when members of the same species compete for
resources. This phenomenon could be occurring in aggregations of O. reticulatus in the Bocas
del Toro archipelago. I hypothesized that aggregations of a larger population density would
consist of individuals of smaller size as a result of competition for food resources. I collected
data on three aggregations of O. reticulatus in the areas of Isla Colon, Isla Solarte and Isla
Bastimientos. The data I have collected on bottom substratum, food source, and size structure of
these aggregations contributes to the overall knowledge of O. reticulatus in the Caribbean and
supports and challenges previous conclusions in the literature.
Sea stars have biological value, but also contribute to the large tourism industry in Bocas.
The presence of sea stars is connected to the popular tourist activities such as boat tours, beach
tours, snorkeling and scuba diving. During the conduction of my research I was very interested
in understanding the perceptions of the local people about the presence and current condition of
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the cushioned star in the archipelago. In addition to my data collection in the water, I sought out
locals to interview in order to learn about the local preservation efforts surrounding this species.
I hope my research will augment the knowledge of this species in Bocas as well as facilitate the
preservation of sea stars and the habitats in which they settle, grow and live.

2.0 Literature Review
2.1 Biology and Importance of O. reticulatus
The literature on the biology and physiology of O. reticulatus is extensive. O. reticulatus
is in the phylum Echinodermata, in the class Asteroidea (“Ecology” 1). Adults are
conspicuously colored bright orange and yellow; juveniles are green. The species ranges from
North Carolina to Brazil and as far east as the Cape Verde Islands (“Ecology” 1). In 1933 H.L.
Clark wrote that O. reticulatus is, “undoubtedly the best known of West Indian sea stars, since it
has been taken to many parts of the world in the past 175 years as a typical curio and souvenir of
the region” (“Ecology” 1). However, Guzman and Guevara state that it is premature to forsee
the commercial exploitation of this species, even though some illegal harvesting for the souvenir
and aquarium industry is occurring in Panama (1083). The toxological threats of pollution are
also something not to be ignored (“Ecology” 360).
This species, like others in its class, moves using numerous tube feet on the oral side of
the body. Food particles are accumulated by the tube feet and moved underneath the central disc
to be digested through the eversion of the cardiac stomach. Since grazing typically occurs on
low concentration of food particulate surfaces, constant feeding is necessary. This species is an
opportunistic predator of larger fauna, for example, sponge (“Ecology” 11). Though typically
predators in the benthic community, O. reticulatus can be preyed upon by tritons, fish, and
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sometimes members of their own species (Sanford and Menge 67; “Abundance” 115).
According to Scheibling, predatory asteroids are important determinants of community structure
in diverse marine habitats (“Dynamics” 326). O. reticulatus feeding on the benthos can “control
patterns of species diversity, abundance and distribution among micro and meiobenthos
communities within the surface sediments” (“Dynamics” 326). Sea stars are top trophic predators
that help to maintain ecosystem stability (Menge and Sanford 67). Maintaining biodiversity is
important to keep an ecosystem healthy and less susceptible to the negative consequences of
invasion or disturbance.
O. reticulatus is a broadcast spawner. The eggs are negatively buoyant and can disperse
at least 20 meters before sinking to the bottom. Once fertilization occurs, planktotrophic larvae
drift in the water and develop for about 23 days until they settle on substratum and
metamorphose into juveniles (Metaxas et al. 471). O. reticulatus juveniles and larvae even have
the capacity to locate protective habitats (Metaxas et al. 478). Recruitment, or the transition of
juveniles to adults depends largely upon the reproductive output of populations, local current
regimes, and predation of larvae and early juvenile stages (“Abundance” 117).
2.2 A Previous Study of the Species in Bocas del Toro
Guzman and Guevara produced an article in 2002 about the reproductive cycle, spatial
distribution, abundance and size structure of O. reticulatus in Bocas del Toro (“Annual”). In
their study, grids were randomly sampled throughout the archipelago and distribution and
abundance were mapped using GIS. 4,818 sea stars were recorded with a mean density of 149.7
individuals per hectare. A population of 7 million was estimated for the whole archipelago. It
was found that O. reticulatus was absent in about 50% of the archipelago, in areas of high
sedimentation and runoff. Low density areas (1-400 individuals per hectare) were 38.1% of the
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area surveyed; intermediate to high density areas (401-1200 individuals per hectare) were about
11.8% of the area surveyed. About 45% of the population of O. reticulatus was found in areas of
mixed seagrass (Thalassia testudium) and coarse calcareous sand. About 51% occurred in mixed
substratum habitats such as coral reef patches mixed with seagrass patches. Only about 4% were
found on only coral reef areas. Population structure was composed of 83% juveniles and 17%
adults. The average size found, based upon major radius, was 9.5 cm (1077). Sea stars were
found mainly in areas of the archipelago with better water circulation and away from areas of
high run-off (1082). Guzman and Guevara’s GIS map of O. reticulatus distribution in the
archipelago was expansive and helpful to my own research (1079) (Fig.1).
O. reticulatus’s reproductive cycle was also evaluated. For 13 months, individuals from
Isla Solarte were collected and their gonads were indexed. It was found that total gonad index
was not significantly correlated with sea surface temperature or precipitation throughout those
months. It is stated that in the Grenadine Islands and St. Croix, O. reticulatus has a clear annual
reproductive cycle related to temperature changes, with the highest peak of reproduction in the
summer, with limited reproduction in the winter. Guzman and Guevara note that the populations
in Bocas do not follow this cycle perhaps because the time period with temperatures higher than
28 degrees C lasts for 9 months, possibly allowing for a year-round reproduction (1083).
Guzman and Guevara also make management recommendations based on their data on O.
reticulatus. Interestingly, 2.8% of the shallow habitats in the archipelago are within the
protected area of the Parque Nacional Marino Isla Bastimientos, which has an average density of
615 individuals per hectare, which is significantly greater than the archipelago average (1083).
For conservation sake, the article states that there is discussion to change the limits of this
boundary to include more diverse habitats, including coral reefs and seagrasses. The article
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points out that seagrass habitats are related to turbidity and nutrients in the water, and in the past
20 years the coastal environment of the archipelago has been rapidly changing due to
development, affecting coral reefs, with the potential to affect the other coastal habitats that are
important to the survival of species such as O. reticulatus (1083).
This article aided the development of my own research by providing information about
distribution of the species, as well as characteristics of its aggregation. Interestingly, it was
stated that there was a “tenuous inverse relationship” between population density and size of
individuals, but this was not an indication that the population growth and structure are limited by
intraspecific competition for food, as it has been suggested by R.E. Scheibling’s article
(“Abundance” 182). Furthermore it is suggested that the higher population densities and the
smaller individual size may be a result of high recruitment in the Bocas archipelago, because of
the expansive seagrass habitats. In other places in the Caribbean, approximately 70% of the O.
reticulatus population is adult, which is much different than the 17% Guzman and Guevara
described in the Bocas archipelago (1082).
2.3 Extensive Research of the Species by R.E. Scheibling
R.E. Scheibling has also contributed much to the literature on O. reticulatus in the
Caribbean. The populations he studied were generally adults and some large juveniles on sandy
bottoms in the Virgin Islands (“Abundance” 107). He found that populations were less
aggregated during the less reproductive periods, and more aggregated during the reproductive
times, in the months of May and June (“Abundance” 115). Since O. reticulatus is a broadcast
spawner, aggregation may be an adaptation to increase fertilization success in the water column
(“Abundance” 117).
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The occurrence of this species in areas of dense beds of Syringodium filiforme and
Thalassia testudinum is limited due to their avoidance because of the demanding foraging effort
that exists, in terms of time and energy (“Abundance” 116). It is stated that dispersion of this
species is also a result of substratum heterogeneity, as the sea stars are dependent on the bottom
substratum for foraging (“Abundance” 116).
Scheibling reports that large size of individuals was inversely related to density among
populations (“Abundance” 118). Size and density were greatest in a population where macrofaunal prey was enriching the diet (“Abundance” 118). Scheibling suggests that ability to grow
larger in O. reticulatus is limited by intraspecific competition for food (“Abundance” 118). The
graph depicting the relationship between mean radius and density among 5 populations on sandbottom habitats shows this inverse relationship (“Abundance” 117) (Figure 2).
In Scheibling’s paper titled, “Dynamics and feeding activity of high-density aggregations
of Oreaster reticulatus (Echinodermata: Asteroidea) in a sand patch habitat” sea stars were
observed moving in feeding fronts across a sand patch at approximately 7.3 meters per day
(323). It was reported that particulate organic material was removed rapidly by the intense
feeding of the aggregation, and there was also a large reduction in mean chlorophyll
concentration from the advance of the front to the end front (326). It was suggested that this
reduction in chlorophyll and the high degree of overlap in the feeding site suggest “intense”
intraspecific competition for food (326).
Scheibling’s 1979 dissertation is filled with insight to the phenomenon of
intraspecific competition. Scheibling states that the case for intraspecific competition is further
evidenced by the “small size and minimal storage capacity and reproductive effort of individuals
relative to other less dense, less aggregated populations” (“Ecology” 357). In a specific sandy
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bottom study site, Horseshoe Patch, there was a regression in the body size of larger individuals
suggesting that perhaps the population biomass was held at the carrying capacity of the habitat
by intraspecific competition for the food source.
2.4 Juvenile O. reticulatus in Nursery Habitats in Central America
Scheibling and Metaxas recently published an article in 2010 discussing the distribution,
abundance, and demographic composition of populations of O. reticulatus in mangrove, reef,
seagrass and sandy bottom habitats off of the southern coast of Belize. It was found that most of
the population that were in mangrove and reef habitats were juvenile (83% and 91%) (138). In
seagrass beds, juveniles consisted of 20% of the population and in the sand flat, 54% (138).
Once again, the phenomenon of intraspecific competition and the inverse relationship between
average individual size and population density is discussed. It is suggested that on sandy
bottoms, where microalgal films and microbial and meiofaunal organisms are the food sources,
these resources are quickly used up by the intense feeding of aggregations. This article also
includes a graph of density of O. reticulatus populations and arm radius for populations where
data was compiled in different locations in the Caribbean (Figure 3) (145).
Scheibling and Metaxas also discuss that coral, seagrass, and mangrove habitats are very
productive and serve as nursery areas for numerous species of invertebrates and fish (134). The
high proportion of juveniles in O. reticulatus populations in coastal habitats in the Central
America region, suggests that the species is “thriving” when compared to other parts of the
Caribbean. This article reports that the coastal mangroves, fringing coral reefs, and seagrass
beds are important for the recruitment of juveniles in the Central American area (146). These
habitats are at risk, especially because of the stress caused by development on the coast,
pollution, and unsustainable harvesting of fish populations (146).
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The literature on O. reticulatus is broad and there have been populations of this sea star
studied all around the Caribbean. The findings of Guzman and Guevara, authors of the most
comprehensive research of the species in the area of Bocas del Toro, suggest there is a small
inverse relationship of size and population density, but the cause of this relationship was thought
not to be due to intraspecific competition for food. However, articles by Scheibling and
Scheibling and Metaxas find this relationship to be present in many study sites and as a result of
intraspecific competition (“Abundance”; “Mangroves”).
3.0 Methods and Materials
3.1 Research Question
The research question I pursued was, “In aggregations of O. reticulatus in the Bocas de
Toro archipelago, is population density inversely related to mean size of individuals?” This
research question comes from my desire to better understand sea star aggregation, size structure
in the marine habitat, and intraspecific competition for resources. It was hypothesized that in
aggregations of higher population density, there would be a smaller average body size because of
competition for food.
3.2 Research Objectives
It was my research objective to collect data on 3 aggregations of sea stars in the Bocas
archipelago. Data was collected for the purpose of determining density of the aggregation, size
of the individual sea stars, substratum the organism was found on, as well as the food source it
was consuming.
Understanding the opinions and knowledge of locals regarding the sea star population
condition, importance, and preservation was also an objective. With this information I hope to
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better understand where locals stand in terms of awareness, education and preservation in
connection with this species.
3.3 Materials
A 30 meter transect tape was used for transecting as well as for measuring the area of
each of the site. A ruler was used for measuring sea stars. Snorkeling equipment, underwater
writing paper, and boat transportation was also needed.
3.4 Methodology
Three aggregations of O. reticulatus at three different sites in the Bocas archipelago were
studied: two in the area of Isla Colon, and one in the area between Isla Solarte and Bastimientos.
Each of these sites was chosen under the premise that an aggregation of sea stars was present.
An informal visual survey of each site confirmed, before data collection, that the sea stars were
clustered. The three sites are identified on Figure 1.
3.4.1 Site 1: Playa de las Estrellas
The first site was at the beach of Playa de las Estrellas, located on the southeastern coast
of Isla Colon. Because of the beach’s name, this was the first location I visited in search of an
aggregation. Along the beach heading south towards the populated portion of Playa de las
Estrellas, transects were taken at a depth of approximately 1.5m along the stretch of beach until
the end of Playa de las Estrellas. Transects were taken at this depth because some areas of beach
had short shelves and got deep very quickly. Each transect taken was 30 meters in length, and
the benthos was observed 1.5 meters to the left and right of the central transect. There were ten
belt transects taken in total at this site. An aggregation of O. reticulatus was noticed during
transecting, and later returned to for the data collection of the aggregation. Transects were taken
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for the purpose of comparison with Guzman and Guevara’s 2001 population density estimates, as
well as to look out for aggregations.
Data collection of the aggregation involved taking measurements of each individual O.
reticulatus. Measurements were taken with a ruler for central disc length and radius of the arm.
The central disc measurements were taken from across the center of the oral side of the sea star.
The arm radius was taken from the center of the oral side of the sea star to the distal end of the
arm. Selection of the arm was random, but clearly regrowing or damaged arms were avoided
during data collection. It was important that these measurements were taken immediately after
picking up a sea star as to avoid measuring sea stars when retracted. During each measurement,
sea stars were held submerged, parallel to the surface of the water, oral side up. In this manner,
it was clear what the sea star was consuming. Data was collected on the substratum each sea star
was found, as well as what it was consuming. A sea star was considered to be eating if its
cardiac stomach was protruded, and was visible. Measurements were recorded to the nearest .1
cm. Actions were taken to minimize potential stress for the sea star, by minimizing contact time
and returning sea stars to the locations from which they were taken.
Individuals in an aggregation were found by snorkeling; moving from the shore to a
depth of approximately 2.5 meters and returning to the shore. In this manner, the area that the
aggregation was in was searched, and individuals were not missed. On the north boundary of the
aggregation, there was a thick seagrass bed. Individuals in the aggregation began clustering
inside this boundary on the sandy bottom. At a distance from shore, at a measurement of
approximately 17 meters, it was too deep to see and retrieve sea stars from the bottom.
Individuals stretched towards the south end of the beach for a total of 62.28 meters and began
aggregating on a small section of incline running parallel to shore. After approximately a 20
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meter stretch of this slope, the sea stars became less aggregated. At this point on the shore, the
start of the populated, restaurant and boat zone of Playa de las Estrellas began. At the incline, it
was relatively easy to see individuals on the slope; any other individuals were not visible deeper
because of the quick drop-off. Population density of the aggregation was calculated as a number
of individuals divided by the area surveyed in square meters. Observations on color of the sea
star were also recorded as yellow, light orange, dark orange, or green.
3.4.2 Site 2: The Dock, Isla Colon
The next site of aggregation was sighted off of a dock on the southern side of the Bocas
del Toro District on Isla Colon. The dock area was a small break in a street full of buildings on
the water. The waterfront area was wedged between the 4 Sisters Hostel and an old wooden
house. From the dock it was clear that there was an aggregation, as one could count about 30
stars just from standing on the dock. The width of the waterfront, from land, was 22.45 meters.
The total area surveyed was 895 square meters. The area was surveyed for O. reticulatus out to a
depth of approximately 3 meters deep, approximately 28 meters out from land. The buildings
restricted the data collection on the aggregation on either side of the waterfront, as well as the
deep water and land to the front and back, respectively. The sea stars were found via snorkeling
in the same perpendicular motion as described previously. The data was collected on each sea
star as previously mentioned. At this site there was mostly rocky and sandy bottom covered in a
thick layer of algae, and some seagrass patches.
3.4.3 Site 3: The Shallow Area Between Isla Solarte and Bastimientos
The third site of aggregation was a mixed habitat of mangrove, seagrass, coral reef and
sandy bottom in a shallow water area between Solarte and Bastimientos. By boat, it was possible
to move across this very large shallow section and see many brightly colored O. reticulatus. At a
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randomly selected area, data was collected on the individuals of the aggregation in the same
manner as previously described. Time was the only constraint in collecting data on the
individuals in the aggregation. For the purpose of measuring the area that was surveyed, the area
snorkeled in search of individuals was a rectangle. An area of 847 square meters was surveyed.
This rectangle encompassed a small portion of mangrove, seagrass bed, dead coral, live coral,
and sandy bottom.
Transects were also conducted along the northeastern coves of Isla Solarte on the sandy
bottom, seagrass, mangrove and coral reef habitats. Transecting was done about a half mile
away from the site where the third aggregation was found. Transects were run for the same
purpose as the transects run at Playa de las Estrellas, in search of aggregations and for population
density comparison data. 30 meter belt transects were run in the same manner as previously
described, at three different depths at four locations that were randomly selected along the shore
of Isla Solarte.
3.4.4 Methods of Data Analysis
T-tests were used to determine if arm and central disc measurement means had
significant statistical difference between the three populations. The coefficient of determination
was calculated for the arm radius and population density data.
4.0 Results
The transects conducted at Playa de las Estrellas resulted in data points for 3 O.
reticulatus individuals. One was found on the steep incline, in the aggregation; the other 2 were
found in the seagrass beds at the northern end of the beach. The population density for the 900
meters2 surveyed was .003 individual per meter2, which is within Guzman and Guevara’s 2001
estimate of .0001-.04 individuals per meter2 in this area.
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At Playa de las Estrellas, the central disc length on average was 11.71cm. The arm radius
length on average was 13.07cm. There were 56 individuals counted in the area surveyed with a
population density of the aggregation of .039 sea star m-1. 100% of individuals were located on
the sandy bottom; 95% of individuals were eating the microalgae in the sediments of the sand
and 5% were eating algal growth on the unattached seagrass blades of Thalassia testudinum.
1.78% of the population was green, 10.7% yellow, 19.6% light orange and 67.85% dark orange.
12.5 % of the population was juvenile, as defined by having an arm radius of less than 12 cm
(Guzman and Guevara 1078). Of the seven juveniles, one was green, and the others were dark
orange, closer to adulthood.
At the site of the dock, on Isla Colon, the central disc length on average was 11.28cm.
The arm radius length on average was 12.56cm. There were 63 individuals in the site area with
the population density of the aggregation of .070 sea star m-1. 36.5% of individuals were on the
rocky bottom, 6.4% were on trash on the benthos, 4.8% were in the few seagrass patches, and
52.4% were on the sandy bottom. All individuals were eating algae off the substratum where
they were located. The color profile of aggregation was as follows: 42.85% light orange, 4.76%
yellow, and 52.38% dark orange. 33.3% of the individuals were defined as juveniles based on
size. Of the 21 juveniles, 11 were dark orange, and 10 were light orange. There were no green
juveniles found.
At the third site of aggregation between Bastimientos and Solarte, the central disc length
on average was 11.23cm. The arm radius length on average was 11.96cm. There were 114
individuals counted in the study area with an aggregation population density of .135 sea star m-1.
27.1% of individuals were on the dead coral substratum; 3.3% on sponge; 2.5% on live coral;
6.8% on sandy bottoms; 59.3% on seagrass and less than 1% on mangrove root. 8.77% of the
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population of the aggregation was eating either red or black sponge. 9.65% were not eating
anything and were perhaps moving locations. The rest of the population was eating algae off of
the dead coral, sandy bottom, or seagrass, depending upon their location on the mixed
substratum. The color profile of the aggregation was 67% dark orange, 28% light orange, 2.6%
green, and 1.7% yellow. 47.3% of the population was considered to be juvenile. Of the
juveniles, 72% were found in the seagrass habitat. 22% were found on the dead coral and 6%
were found on sandy bottoms. Of the juveniles, 70% were dark orange, 24% were light orange,
and 5.5% were green.
It was found that for arm radius there was a statistically significant difference for the
populations at site 1 and site 3 (p=4.5x10-6) and for the populations at site 2 and 3 (p= .0258).
There was not a statistically significant difference in arm radius between the populations at sites
1 and 2 ( p=.0576). It was found that for central disc length, there were no statistically
significant differences between the O. reticulatus populations at the 3 sites. The p values of
these tests were as follows: .100 (site 1 and site 2); .0578 (site 1 and site 3); .859 (site 2 and site
3). Arm radius and population density for the three populations had an inverse relationship as
shown by Figure 4. The r2 value was .98.
The size classes of all of the sea stars in the aggregations studied are displayed in Figures
5 and 6. The largest size class was the 11-13cm size class followed by the 13-15cm and the 911cm size classes.
The transects run on the northeastern coast of Isla Solarte resulted in no sightings of O.
reticulatus. This is consistent with Guzman and Guevara’s earlier population density estimate of
0 individuals/hectare.
5.0 Discussion
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Though there was a strong correlation between arm size and population density of the
aggregations as shown by Figure 4, it is unlikely that this relationship is due to intraspecific food
competition. The populations with smaller average body sizes were also the populations that had
a higher percentage of juveniles. The 47.3% juvenile, at site 3, suggests that this area is a
successful nursery habitat for this species. Though it is suggested by Scheibling that density and
size are the greatest where there is macrofaunal supplements to enrich the diet (“Abundance”
118), my results at site 3 do not support this. Because Scheibling examined populations made up
of mostly adults, with large average sizes of around 20cm in arm radius (Guzman and Guevara
1082), it is possible that the results he found did not include the inherently small individual sizes
of a population with a large percentage of juveniles.
In the aggregations studied at the dock, Isla Colon and Playa de las Estrellas, the
difference in arm radius length was not statistically significant. This may have been because
these populations were in locations of similar habitat, more similar to each other than to the site
at Isla Solarte/Bastimientos. Both of the sites had a large area of sandy bottom, with the Isla
Colon site having a rocky bottom as well as patches of seagrass. Thick patches of seagrass,
outside of the area studied, surrounded the aggregation at Playa de las Estrellas. At both sites,
there was a thick layer of algae and silt on the bottom substratum. This layer was definitely the
main food source of these aggregations at the time of my study. At the site between Isla Solarte
and Bastimientos there was no obvious presence of such a large algal/silt layer. I believe the
large difference in the arm radius between this site and the other two is justified by the
differences in percentage of juveniles and adults of the area, and not the type of food, or
competition for food.
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It is interesting that there is not a statistically significant difference between the
populations for measurement of central disc length, when there was a significant difference
detected in arm radii. This information provides insight to the developmental patterns of O.
reticulatus, especially in sea stars transitioning from their juvenile stage to their reproductive
adult stage. Perhaps central disc size is fairly static once a certain size is reached, while arms are
grown as the sea star continues to mature in order to increase grazing abilities. This is certainly
an area for future study.
The large percentage of juveniles found in the seagrass area (72%) of the mixed
substratum site of Solarte/Bastimientos adds evidence to the current knowledge that mixed
seagrass bed, mangrove, and coral habitats are nursery areas for juveniles before they are
recruited into adult populations. This site had the largest percentage of individuals in the 7-9 and
9-11 size classes, further supporting the idea that Bocas is an area of high recruitment.
Protection of these areas will be increasingly important in the coming years in the face of
increasing anthropogenic stressors.
Population densities, found via transecting, on the northeastern coast of Isla Solarte and
at Playa de Las Estrellas were consistent with what Guzman and Guevara found more than 10
years ago. It is interesting that the Isla Solarte estimate had no sea stars, because its mixed
substratum bottom of coral, seagrass, sand and mangroves is very similar to the habitat where the
third aggregation was found less than an estimated half-mile away.
The aggregation at Playa de las Estrellas exists at the bend in the beach right before all of
the boats, restaurants, and people. Along this populated part of the beach there are a sporadic few
individuals near to the aggregation, but there is certainly a dramatic drop off in the number of O.
reticulatus. This mere observation is a curiosity; there is potential for future investigation. What
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about that populated part of the beach causes less sea stars to cluster? The incline on that portion
of the beach quickly drops off into deep water, so perhaps the sea stars are clustered, but were
shielded from view during fieldwork because of deep water. Perhaps it is the consistent wave
motion from boat activity, which could potentially decrease the amount of algae, silt, and detritus
particles on the sand close to shore, making the area less desirable.
It is interesting to prospect the explanation of why and where this species aggregates.
Researchers in the past have suggested food and reproduction as factors influencing aggregation,
though the complete explanation of aggregation in O. reticulatus is not fully understood. It is
certainly possible that aggregations of O. reticulatus exist for reproductive reasons, however my
research did not investigate this. Spending a majority of their lives feeding, I think O. reticulatus
aggregations can be largely explained by attraction to a food source. It is probable that
individuals are attracted to the same food particles, carrying out the same response of moving
towards the food source, resulting in aggregation.
During my research I found that these aggregations have existed in the same spots for
many years, according to the local people. In every one of the three sites of data collection, the
local people were aware of the aggregation and said that it had been there, all year long, for at
least 5 to 10 years. I was especially intrigued by the fact that there was an aggregation at the
dock location, Isla Colon. The waterfront area was covered in trash and old metal parts were
scattered throughout. The area was a docking place for boats, so there was some traffic. Perhaps
the thick, dense layer of algae covering almost everything underwater provides an attractive
habitat for these sea stars, despite other characteristics of the area that are seemingly unattractive.
5.1: Discussion of Error
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During my study of the aggregations, it was assumed that the area I surveyed at each site
did not encompass the whole aggregation. I was limited to snorkeling and therefore could not
pursue collecting data on more of the aggregation, which I assumed continued in all locations to
adjacent deeper waters. Selection of the part of the aggregation I surveyed was bias in the sense
that it was always in the shallower water. Additionally, though caution was taken to avoid
missing the more camouflaged juveniles, it is possible that these sea stars were missed more
frequently in the seagrass than adults. Also, when determining the food source each sea star was
consuming, it was sometimes difficult to identify the kind of particulate matter on the cardiac
stomach. Without a microscope and a more in-depth study, it was assumed that microalgal
growth on the substratum was being consumed, in most cases.
6.0 Local Perspectives
Working with sea stars during my 3 weeks in Bocas, I had a lot of interaction with the
locals when getting around to beaches and taking boat rides. It is largely know by locals and
tourists alike that it is bad to take the sea stars out of the water. I wanted to investigate the local
perspectives on the current sea star populations, threats to the species, the importance of sea
stars, and the theme of protection of this species that is evident on the island of Colon. I
informally interviewed (in Spanish) 7 locals: boat captains, workers and restaurant owners.
Three of the locals I interviewed said that they thought the populations of sea stars in the Bocas
archipelago are in good condition. The other four said that there are a lot in some places but less
in others, where there once was plenty. One of the men I interviewed said that there has been a
long time sea star preservation effort on the island, in the sense that everyone has always known
that taking the sea stars from the water would kill them. The same man thought that there were
plenty of sea stars and that more protection, from the law, would be unnecessary because
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preservation efforts from the community in the past and present have worked. Surprisingly, 6
out of the 7 people I interviewed did not think that the factors of pollution, sedimentation, or
destruction of habitat had any influence on sea star health or abundance. When asked if sea stars
are important, all 7 replied that they are important for tourism and only one mentioned that they
are important because of their ecological value. 4 of the 7 thought that tourists do damage to the
sea stars just by the physical act of taking them out of the water. The other 3 thought that in
general, locals and tourists are conscientious and the sea stars are not being harmed. 6 of the 7
interviewed thought that the mindset of preservation of the sea stars is fairly new. Apparently, in
the last 10 years people have really started to be concerned about the interactions of tourists and
sea stars. All around Playa de las Estrellas, for example, there are a handful of signs warning
people not to touch the sea stars. Perhaps this fairly new conscientiousness is the result of the
desire to limit the stress placed upon these populations, by the influx of tourists in the past
decade, because of their importance to tourism.
Though the sense of preservation is present on the island, it appeared that most of the
locals have limited education in terms of biology and preservation in general. For example, most
are under the false impression that taking a cushioned star out of the water will kill it
immediately. The locals I interviewed seemed generally uneducated about the affects of
pollution, coastal development, and habitat destruction on marine life. Besides a strong
sentiment to avoid the physical touching and taking of the sea stars by the tourists on Isla Colon,
there does not seem to be a large sense of local desire for further protection of this species
through other efforts such as conservation of habitat. I think this is the case because people lack
the education that harm to populations of this sea star can be caused by long-term anthropogenic
affects.
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7.0 Conclusion
In my research it was determined that aggregation can occur in shallow water marine
habitats in areas of sandy bottom, rocky bottom and areas of mixed seagrass, mangrove, and
coral. There was only statistical significance in arm radius at the Isla Solarte/Bastimientos site.
It was concluded that though there is an inverse relationship between average arm length and
population density of the aggregation, this information alone does not suggest that the
relationship was caused by intraspecific food competition. More likely, the age and size
structure of the population was a factor in causing this inverse relationship. Juveniles were
found largely in the site of mixed bottom substratum, site 3 (47.3%), but were also present in less
abundance at sites 1 and 2 with mostly sandy bottom and some seagrass near and in the areas
studied (33.3%; 12.5%). To take a deeper look into the phenomenon of intraspecific competition
in this species, further research could be done on one population over time to see if there is a
long-term regression of body size due to aggregation and limited resources in a certain area.
Collecting data on populations of aggregations that are known to have similar age structure could
also help to examine the inverse relationship between size and density in connection to
intraspecific competition.
Conservation wise, my research further supports the idea that Bocas is an area of high
recruitment as there were many juveniles in mixed substratum and seagrass areas. This
information could be used to increase the efforts to preserve seagrasses, which serve many
biological purposes in marine ecosystems (Lopez-Calderon et al. 1815).
Talking with the local people led me to determine that a strong sense of protection of this
species has increased in the past decade with the onset of more tourists. Locals and tourists seem
to be aware of the stress caused to the animals if taken out of their habitats. That being said,
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most people lack a basic understanding of the biology of the species. The less visibly obvious
threats to the species, such as pollution and the affects of coastline alternation, do not seem to be
thought of as a concern to O. reticulatus populations to the people I spoke with. Despite this,
efforts to protect this species, at least from tourist handling, are strong amongst the people of Isla
Colon.
My study of O. reticulatus in the Bocas del Toro archipelago is significant because it
both supports and challenges past conclusions in the literature and provides a baseline of
information on three specific aggregations that are worthy of future investigation.
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8.0 Figures
Population Density of O. reticulatus in 2000-2001 in Bocas del Toro
Playa de las Estrellas
The dock, Isla Colon

Site between Isla
Solarte/Bastimientos

Figure 1: Guzman and Guevara’s map of population density
(individuals/hectare) of O. reticulatus in Bocas del Toro (1079)

O. reticulatus Size and Density in 5 Sandy Bottom Populations

Figure 2: Relationship between mean radius and density
in sandy bottom habitats in St. Croix, Virgin Islands
(“Abundance” 117)
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Mean radius (cm)

O. reticulatus Size and Density in Caribbean Populations

Density (individuals/100m2)
Figure 3: Relationship between mean radius and density of O.
reticulatus in populations at different locations in the Caribbean
(Scheibling and Metaxas 145).
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Figure 4: Density and average arm radius of 3 aggregations in Bocas
del Toro
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Size Classes of 3 O. reticulatus Populations

Figure 5: Percentage of O. reticulatus in each population in each size
class

Size Classes of All O. reticulatus Individuals Measured

Figure 6: Total frequency of O. reticulatus measured, by size class
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